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ABSTRACT

Background: The aim of the present study is to evaluate
the possible advantages of the Robo-Lap (parenchymal
transection by laparoscopic ultrasonic dissector and robotic
bipolar forceps and scissors) compared with pure robotic
technique (parenchymal transection by use of robotic bipo-
lar forceps and scissors) in major anatomical liver resections
with specific focus on intraoperative outcomes.

Methods: Major liver resections performed by robotic
approach between February 1, 2021 and March 31, 2023
were stratified into two groups according to the approach
used to address the phase of liver transection; Pure
Robotic Group (n 5 21) versus Robo-Lap Group (n 5
48). The two groups were compared in terms of intra-
and postoperative outcomes and in terms of rate of
achievement of intraoperative textbook outcomes.

Results: Conversion rate was similar between the two
groups while incidence of adverse intraoperative events
(according to Satava classification) was higher in the Pure
Robotic compared with the Robo-Lap group (85.7% vs
39.6%, p < 0.001). Time to perform parenchymal transec-
tion was significantly shorter in the Robo-Lap group (180
min) compared with the Pure Robotic Group (240 min),
p 5 0.003. Intraoperative textbook outcomes were
achieved in a lower proportion of patients in the Pure
Robotic compared with the Robo-Lap group.

Conclusion: Outcomes of the present study suggest a
favorable role of the Robo-Lap approach in robotic major
resections as it allows an improvement of the intraoper-
ative results, a greater probability of an uneventful
conduction of the procedure, and therefore, better
management of the operating room time.
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INTRODUCTION

The minimally invasive approach has gained a main role
in the setting of liver surgery due to well-documented per-
ioperative advantages for the patient and to maintained
oncological efficacy compared with the open approach.1–4

This evolution has been supported by the progressive
technical and technological improvement that occurred
over the course of the past 20 years.5,6 Furthermore, the
encouraging outcomes of minimally invasive liver Surgery
(MILS) have constituted an incentive for technological
investment to overcome technical difficulties initially
described in this area. Today it is possible to perform pro-
cedures with a high degree of difficulty due to the avail-
ability of operating theaters equipped with advanced
instrumentation and specifically designed to meet the
needs and tasks of liver surgery.7,8 However, the robotic
approach has spread more slowly and with latency com-
pared with laparoscopy.9 The list of possible reasons for
this delay includes the still irregular and low diffusion of
the platform, the reduced availability of time slots dedi-
cated to robotic liver surgery, and also the dissatisfaction of
liver surgeons regarding the availability of instruments for
precise and accurate parenchymal transection.

In a recent survey on the implementation of MILS, the
most used transection technique in robotic liver surgery
includes the combination of bipolar forceps (used in a
Kellyclasia-like fashion, i.e. clamp-crushing) associated
with monopolar scissors. The lack of an ultrasonic dissec-
tor is reported as the main concern for a large-scale imple-
mentation of robotic liver surgery.9 To meet the need for
thorough parenchymal dissection without renouncing to
the advantages provided by the dexterity of the robotic
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technique, a hybrid technique (Robo-Lap approach) has
been described.10 It is based on a mixed transection
through the laparoscopic ultrasonic dissector handled by
the bed-side surgeon, associated with the action of robotic
monopolar scissors, and bipolar forceps managed by the
surgeon at the console. However, there are currently no
studies comparing the pure robotic technique with the
Robo-Lap technique in terms of short-term intraoperative
and postoperative outcomes.

The aim of the present study is therefore to evaluate,
in a tertiary referral center with a high volume of mini-
mally invasive activity, the possible advantages of the
Robo-Lap compared with the pure robotic technique
in major anatomical liver resections with specific focus
on intraoperative outcomes (conversion, intraopera-
tive complications, blood loss, possibility to perform a
second liver resection within the same day). Secondary
endpoint is the comparison between the two approaches
in the rate of achievement of intraoperative textbook out-
comes (TO).

MATERIALS AND METHODS

The program of robotic liver surgery was implemented
February 1, 2021, and the existing background of mini-
mally invasive laparoscopic liver resections included
1,543 cases (performed from 2005 on). From February 1,
2021 to March 31, 2023, 250 hepatic resections were per-
formed by robotic approach, including 69 anatomical
major hepatic resections (i.e., H5678 right hepatectomy
and H234 left hepatectomy).11 All major liver resections
were performed after the 25th case of the overall series of
robotic resections (i.e., having completed the learning
curve in robotic liver surgery, as reported in Figure 1).25

Major liver resections were stratified into two groups
according to the approach used to address the phase of
liver transection; Pure Robotic Group (n 5 21) versus
Robo-Lap Group (n 5 48). The two groups are temporally
consecutive (i.e., Pure robotic from July 2021 to January
2022 and Robo-Lap from February 2022 on) as the Robo-
Lap technique was implemented later than the adoption
of the pure robotic technique and since then was adopted
as the standard modality for liver transection. The two
groups were compared in terms of intra- and postopera-
tive outcomes and in terms of rate of achievement of intra-
operative TO.

Approval to perform this retrospective study was obtained
from the Institutional Review Board of our institution and
the requirement for consents from subjects was waived.

Assessed Variables

Data on pre-operative patient and disease characteristics
were prospectively collected, as well as on intraoperative
and histopathological findings and postoperative course
of patients.

Specifically, data regarding the following issues were col-
lected for the purposes of the present study: operating
room time required for liver transection phases, conver-
sion rate and reason for conversion, intraoperative and
postoperative complications, postoperative hospitaliza-
tion (length of stay before discharge), possibility to per-
form a second liver resection during the same day of the
procedure included in the study, and rate of achievement
of intraoperative TO.13

TO is a novel composite quality measure that encom-
passes multiple postoperative endpoints, representing the
ideal “textbook” hospitalization for complex surgical pro-
cedures also in the setting of hepatobiliary surgery.14

Intraoperative TO were defined as follows: no conver-
sion, no intraoperative blood transfusion, no need for he-
mostatic agents during or at the end of liver transection,
R0 resection.

Any complication occurring during the intraoperative
course of the procedure significantly affecting the
course of surgery was recorded. More specifically, any
intraoperative accident was recorded according to Satava
classification of intraoperative events.15 Postoperative com-
plications during the hospitalization period were reviewed
for 90 days after surgery and assessed according to the
Clavien-Dindo classification of surgical complications.16

Mortality was defined as any death during intraoperative
or postoperative hospitalization or within 90 days after
resection.

Surgical Technique

General Features for Both Approaches
For all resections, a laparoscopic 10-mm trocar was posi-
tioned in right pararectal position, along the umbilical
line.1,10 Four robotic trocars were positioned in a stand-
ardized configuration with one trocar in right flank, one
along the mid-clavicular line, one along the midline and
one in left hypochondrium and the robotic platform was
docked to operating table coming from the head (Da
Vinci X platform) or from the right side (Da Vinci Xi plat-
form) of the patient, oriented in reverse-Trendelenburg
position. A second laparoscopic access was positioned
in right hypochondrium (between robotic arms 1 and 2
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or between 2 and 3) only after docking of robotic arms,
to exclude conflicts among laparoscopic and robotic
instruments and to improve ergonomics. In case of dif-
ficult or unsatisfactory control of the hemostasis during
the parenchymal transection phase or at the end of
resection, hemostatic agents (fibrin glue) were used on
demand to optimize the temporary and the final hemo-
stasis respectively.

Pure Robotic Approach

In this approach, the parenchymal transection technique
involved the use of the branches of the bipolar forceps to
perform a Kellyclasia-like dissection (clamp-crushing tech-
nique includes mechanical parenchymal demolition by crush-
ing hepatocytes with Kelly forceps) of the liver parenchyma,
aiming to split hepatocytes while preserving vascular (portal
and hepatic veins) and biliary structures, then coagulated or
closed between clips according to their caliber.

Robo-Lap Approach

Technical details regarding Robo-Lap approach have
been described elsewhere.10 Briefly, ultrasonic dissector

was used for parenchymal transection by the surgeon at
the table, dissecting the liver parenchyma while pre-
serving vessels and biliary branches that were then coa-
gulated or clipped according to their size. Dissection
technique followed the same principles of ultrasonic
mediated transection in laparoscopic surgery. The
direction of the tip of the ultrasonic dissector was opti-
mized to obtain an effective transection without being
limited in its movement by robotic arms outside and
robotic instruments inside the abdomen. Maintaining
the principle of having the transection area in the mid-
dle of the visual field of both operators, it was possible
to use the ultrasonic dissector and the robotic bipolar
forceps and scissors for coagulation and cutting at the
same time.

Statistical Methods

All variables were compared using the x 2 or Fisher’s exact
test for categorical data, the Mann–Whitney U test for
non-normally distributed continuous data, and Student’s
t-test for normally distributed continuous variables. All
data are expressed as mean plus or minus the standard
deviation or median and range. Significance was defined

Figure 1. Study design.
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as p < 0.05. All analyses were performed using the statisti-
cal package SPSS 18.0 (SPSS, Chicago, IL, USA).

RESULTS

General Characteristics and Indications

Patients and disease characteristics of Pure Robotic and
Robo-Lap groups are reported in Table 1. Groups did
not show significant differences in terms of age, sex,
biometrics, and presence of underlying liver impairment
or cirrhosis.

Diagnosis distribution was similar between the two
groups. Hepatocellular carcinoma was the most frequent
diagnosis in the Pure Robotic Group (38.1%) while chol-
angiocarcinoma (either intrahepatic or perihilar) was the
most frequent in the Robo-Lap Group (47.9%). A signifi-
cantly higher number of patients in the Robo-Lap Group
underwent interventional procedures before surgery: he-
patic deprivation in 27.1% (versus 19% in the Pure
Robotic group) and biliary drainage in 33.3% (versus
14.3% in the Pure Robotic group).

Mean lesion size was comparable between the groups
(6.9 cm versus 6.5 cm respectively, p 5 0.248), as well
as lesion numerosity (specifically, 38.1% in the Pure
Robotic and 25% in the Robo-Lap had multiple lesions).
Distribution of procedures was similar: 11 patients in the
Pure Robotic (52.4%) and 28 in the Robo-Lap group
(58.3%) underwent right hepatectomy, while 8 (38.1%)
and 12 (25%) respectively underwent left hepatectomy.
Eight patients in the Pure Robotic and 27 in the Robo-
Lap group received associated procedures during sur-
gery; most frequently performed were lymphadenec-
tomy (23.8% and 47.9% respectively) and biliary
anastomosis (14.3% and 35.4% respectively), with no
statistically significant difference.

Intraoperative Outcome Data (Primary Endpoint)

Minimally invasive procedures were successfully com-
pleted in 19 patients in the Pure Robotic and 43 patients
in the Robo-Lap group, whereas the procedure was con-
verted to laparotomy in 2 (9.5%) and 5 (10.4%) patients
respectively (p not significant): reasons for conversion
were bleeding (2 cases), concerns regarding oncological
radicality (2 cases), need to perform portal vein resection
(1 case), infiltration of the inferior vena cava (1 case).
Incidence of grade I (respectively 57.1% and 20.8%) and
grade II (respectively 23.8% and 14.6%) intraoperative

events according to Satava classification were significantly
higher in the Pure Robotic compared with the Robo-Lap
group, resulting in a higher incidence of intraoperative
events in the Pure Robotic compared with the Robo-Lap
group (85.7% vs 39.6%, p < 0.001). The mean operative
time comparable between the two groups, while time to
perform parenchymal transection was significantly shorter
in the Robo-Lap group (180 min) compared with the Pure
Robotic Group (240 min), p 5 0.003. In spite of a compa-
rable intraoperative use of the Pringle maneuver and of
a statistically comparable blood loss (450 mL vs 350 mL
in the Pure Robotic and Robo-Lap groups respectively)
and use of blood transfusions, the need to use hemo-
static agents (66.7% and 43.8%, p 5 0.04) as well as the
need to use stitches during parenchymal transection
phases (52.4% and 8.3%, p 5 0.003) were significantly
higher in the Pure Robotic compared with the Robo-
Lap group, as reported in Table 2. Four cases in the
Pure Robotic and 29 in the Robo-Lap groups also per-
formed a second liver resection during the same day in
the theatre.

Postoperative morbidity was similar (more specifically,
there were no differences in the incidence of hemor-
rhage), as well as mortality and length of postoperative
stay.

Achievement of Textbook Outcomes (Secondary
Endpoint)

TO were achieved in a significantly lower proportion of
patients in the Pure Robotic (4 patients, 19%) compared
with the Robo-Lap group (25 patients, 52.1%) with p 5
0.026. Figure 2 reports the rate of achievement of every
item included in the definition of TO according to treat-
ment group.

DISCUSSION

The results of this study show how—in the setting of major
anatomical liver resections—the Robo-Lap approach maxi-
mizes the performance of surgery by reducing the inci-
dence of intraoperative complications and time for liver
transection compared to the pure robotic technique, allow-
ing to optimize operating room time and increasing the
chances of obtaining ideal intraoperative outcomes
(hence achieving the TO). In an era where the robotic
approach is experiencing a widespread diffusion in the
field of minimally invasive liver disease, this issue is
being addressed, to the best of our knowledge, for the
first time since the Robo-Lap technique was described.
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Table 1.
Patients and Disease Characteristics According to Treatment Group

Pure Robotic Group
(n 5 21)

Robo-Lap Group
(n = 48) p

Age (years) (Mean 6 SD) 66 6 5 63 6 8 0.712

Male sex, n (%) 13 (61.9) 23 (47.9) 0.534

ASA score, n (%)* 0.198

1 2 (9.5) 3 (6.3)

2 13 (61.9) 29 (60.4)

3 6 (28.6) 16 (33.3)

BMI (Mean 6 SD) 23.5 6 2.3 24.1 6 2.4 0.582

Underlying liver disease, n (%) 0.522

None 4 (19) 7 (14.6)

Steatosis/mild impairment 14 (66.7) 35 (72.9)

Cirrhosis 3 (14.3) 6 (12.5)

Previous abdominal surgery, n (%)* 5 (23.8) 13 (27.1) 0.188

Previous liver surgery, n (%) 1 (4.8) 3 (6.3)

Previous interventional procedures, n (%)* 0.004

Portal vein embolization 1 (4.8) 2 (4.2)

Hepatic deprivation 4 (19) 13 (27.1)

Biliary drainage 3 (14.3) 16 (33.3)

Indication, n (%)* 0.527

Malignant 19 (90.5) 44 (91.7)

Colorectal Cancer Metastases 6 (28.6) 10 (20.8)

Noncolorectal Cancer Metastases 0 1 (2.1)

Hepatocellular Carcinoma 8 (38.1) 10 (20.8)

Cholangiocarcinoma 5 (23.8) 23 (47.9)

Benign 2 (9.5) 4 (8.3)

Adenoma 1 (4.8) 1 (2.1)

Hemangioma 1 (4.8) 2 (4.2)

Hepatolitiasis 0 1 (2.1)

Size (cm)* (Mean 6 SD) 6.9 6 3.6 6.5 6 3.3 0.248

Tumor number, n (%) 0.902

Single 13 (61.9) 36 (75)

Multiple 8 (38.1) 12 (25)

Type of hepatectomy, n (%) 0.956

Right hepatectomy 11 (52.4) 28 (58.3)

Left hepatectomy 10 (47.6) 20 (41.7)

Associated procedures, n (%)* 8 (38.1) 27 (56.3) 0.055

Colorectal resection 2 (9.5) 4 (8.3)

Lymphadenectomy 5 (23.8) 23 (47.9)

Biliary anastomosis 3 (14.3) 17 (35.4)

Others 1 (4.8) 2 (4.2)

ASA, America Society of Anesthesiologists; BMI, body mass index; SD, standard deviation.
*Clavien-Dindo Classification.
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Table 2.
Intraoperative and Postoperative Details

Pure Robotic (n 5 21) Robo-Lap (n 5 48) p

Pringle Maneuver, n (%) 0.456

Not performed 1 (4.8) 1 (2.1)

Performed 20 (95.2) 47 (97.9)

Length of surgery (min), Median (range) 390 6 80 370 6 105 0.241

Length of parenchymal transection (min), Median (range) 240 6 60 180 6 65 0.03

Blood Loss (mL), Median (range) 450 6 250 350 6 150 0.344

Surgical margin, n (%) 0.711

R0 20 (95.2) 44 (91.7)

R1 1 (4.8) 4 (8.3)

Intraoperative complications, n (%) 18 (85.7) 19 (39.6) < 0.001

Intraoperative complications according to Satava, n (%)

Grade I 12 (57.1) 10 (20.8)

Grade II 5 (23.8) 7 (14.6)

Grade III 1 (4.8) 2 (4.2)

Conversion, n (%) 2 (9.5) 5 (10.4) 0.489

Surgical margin (mm) (Mean 6 SD) 10 6 5 9 6 7 0.289

Intraoperative blood transfusions, n (%) 0.529

No 18 (85.7) 40 (83.3)

Yes 3 (14.3) 8 (16.7)

Overall blood transfusions, n (%) 0.109

No 15 (71.4) 30 (62.5)

Yes 6 (28.6) 18 (37.5)

Need for hemostatic, n (%) 14 (66.7) 21 (43.8) 0.047

Need for stitches during parenchymal transection, n (%) 11 (52.4) 4 (8.3) 0.003

Feasibility of a second liver resection in the same day, n (%) 4 (19) 29 (60.4) 0.026

Achievement of intraoperative textbook outcomes, n (%) 4 (19) 25 (52.1)

Complications, n (%) 0.289

Hemorrhage 2 (9.5) 3 (6.3)

Wound infection 0 1 (2.1)

Biliary fistula 3 (14.3) 4 (8.3)

Abdominal collection 1 (4.8) 3 (6.3)

Transient liver failure 3 (14.3) 7 (14.6)

Pulmonary embolism 1 (4.8) 2 (4.2)

Pleural effusion 4 (19) 9 (18.8)

Pneumonia 2 (9.5) 3 (6.3)

Atrial fibrillation 1 (4.8) 2 (4.2)

Fever 2 (9.5) 5 (10.4)
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Further elements of novelty in the present study are the
prospective collection of data regarding intraoperative
adverse events (to record any deviation from the ideal
intraoperative course) and the introduction of the con-
cept of intraoperative TO. The adoption of this study
design is aimed at increasing the possibilities of recog-
nizing differences in the outcome of two different trans-
ection techniques adopted in the context of minimally
invasive robotics.

In the past when comparing parenchymal transection
techniques, most studies reported similar outcomes,
finally leaving to surgeon’s choice the technique to be
adopted.16–19 However, it is possible that the lack of dif-
ferences among different techniques was a conse-
quence of a low accuracy of the outcomes taken into
consideration for the comparison. In the present study,
the use of parameters to evaluate the primary endpoint
such as intraoperative adverse events, the use of hemostatic

Table 2. Continued

Pure Robotic (n 5 21) Robo-Lap (n 5 48) p

Morbidity, n (%) 8 (38.1) 22 (45.8) 0.057

Grade of complications, n (%)*

Minor

I grade 0 1 (2.1) 0.178

II grade 5 (23.8) 16 (33.3)

Major

IIIa grade 2 (9.5) 4 (8.3) 0.877

IIIb grade 1 (4.8) 1 (2.1)

Mortality, n (%) 0 1 (2.1) 0.29

Length of stay (days), Median (range) 6 (5 – 21) 6 (4 – 32) 0.57

R0, negative resection margin; R1, positive resection margin.
*Clavien-Dindo Classification.

Figure 2. Analysis of intraoperative textbook outcomes according to each factor defining their achievement.
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sutures during the parenchymal transection phases and the
need of hemostatic on the transection surface is aimed at
increasing the specificity and sensitivity of the variables,
hence improving the possibility to detect differences.

In particular, the decision to use the Satava classification to
analyze grade I complications (intraoperative incidents man-
aged without changes in the surgical approach and without
consequences for the patient) and grade II complications
(incidents with consequences for the patient including
increased blood loss and use of sutures for vascular damage,
etc.)16 was aimed at increasing the possibility of recognizing
differences in the intraoperative course of procedures con-
stituting a deviation from the ideal course but not always
leading to conversion.

In fact, conversion represents the epiphenomenon of an
intraoperative complication that cannot be managed by
minimally invasive methods;21–23 however, most intraoper-
ative events do not compromise the minimally invasive
feasibility of the operation and in this perspective the anal-
ysis of intraoperative complications according to Satava
has great clinical significance. In the Robo-Lap approach,
in fact, a significantly lower incidence of minor complica-
tions is recorded, which are not the cause of conversion,
but which influence intraoperative management. It is pos-
sible—although not yet described in the literature—that,
just as conversion significantly influences the risk of intrao-
perative morbidity and mortality, in the same way any
intraoperative event has a perioperative weight.

A more favorable intraoperative outcome determined by the
Robo-Lap approach is also evident from a reduced need to
use hemostatic sutures to correct damages to portal or he-
patic branches and from a reduced need to use hemostatic
for temporary or definitive hemostasis. It is likely that liver
parenchymal dissection conducted with bipolar forceps
lacks accuracy since tips of the instruments may inadver-
tently cause vascular damage. The dexterity of the robotic
platform allows an easier correction of these damages com-
pared to laparoscopy (it is in fact easier to perform sutures
even on fragile vessels such as the hepatic ones) and conse-
quently conversion is avoided. It is in fact reported in a large
multi-institutional series that the robotic approach can
reduce the risk of conversion in more complex operations
when compared with laparoscopic approach.

A more favorable intraoperative trend is also evident
from the analysis of the parenchymal transection times
which are significantly reduced in the Robo-Lap approach
and which therefore allows in many cases the ability per-
form a second liver resection on the same day of the ana-
lyzed procedure, thus optimizing the management of

operating room resources. Overall, patients who do not
require biliary-enteric anastomoses or any other time-con-
suming associated procedures allow access to the operating
room for a second liver surgery during the same day. In the
present series no difference in the overall surgical times is
detected between the two groups since length of surgery in
the Robo-Lap Approach is impacted by a higher representa-
tion of perihilar cholangiocarcinomas. In these patients, the
time required for the biliary-digestive anastomosis lengthens
the overall procedure time.

The concept of intraoperative TO was introduced to evaluate
the probability of an “ideal” intraoperative conduction, using
a composite qualitative measure that includes multiple end-
points chosen as representative of an intraoperative course
without complications. The choice of the parameters to be
included in the definition of intraoperative TOwas made spe-
cifically for this study since it has not yet been defined in the
literature (only postoperative TO in liver surgery have been
described), potentially a limitation of this analysis. Other limi-
tations are represented by the still relatively small sample
being analyzed and restricted to a specific group of proce-
dures. It is possible that in parallel with the increase in sample
size, a net benefit in the postoperative outcome in terms of
reduction of morbidity and transfusion risk will be recorded
in patients showing favorable intraoperative results.

The benefits described for the Robo-Lap approach are cur-
rently limited to major hepatectomies. The decision to
restrict the analysis to this specific groups of patients was
taken to obtain a homogeneous sample of procedures in
terms of characteristics of the transection phase. It will be
necessary to evaluate the impact of the Robo-Lap approach
in complex resections (according to the definition given by
the complexity scores). It is also possible that these results
are influenced by the extensive expertise of the group with
the use of the ultrasonic dissector, both in open and mini-
mally invasive surgery. This attitude potentially negatively
influences the performance in the parenchymal transection
performed with the mechanic action of the bipolar forceps.
Furthermore, it is possible that in the presence of a fibrotic
or cirrhotic parenchyma where the ultrasonic dissector has a
less effective action, the results may be less markedly in
favor of the Robo-Lap approach.

CONCLUSIONS

In conclusion, the data of the present study suggest a favor-
able role of the Robo-Lap approach in robotic major resec-
tions as it allows an improvement of the intraoperative
results, a greater probability of an uneventful conduction
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(i.e. reaching the TO) of the procedure and therefore a bet-
ter management of operating room time and of resources
allocation.
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